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(54) Improvements in and relating to casting 

(57) A method of casting is provided in which mol- 
ten material is fed from a source of molten material, 
such as a ladle, to a vessel, the vessel feeding molten 
material to a casting location. The molten material is fed 
to the casting location substantially continuously during 
casting, but the molten material is fed from the source to 
the vessel for only a part of the time of casting, for 
instance, less than 75%. 

It is a preferred feature that the volume of molten 
material in the vessel can be varied, but that the head of 
molten material over the outlet passage from the vessel 
is substantially constant. A tilting tundish to achieve this 
aim is provided. 

The invention provides advantages in terms of the 
flexibility of timing of molten metal delivery to the casting 
system. 




rr 



o 

O 
u 



Primed by Xerox (UK) Business Services 
2.16.6/3.4 



1 



EP 0 887 129 A1 



2 



Description 

This invention concerns improvements in and relat- 
ing to casting of molten materials, particularly molten 
metal being cast into strips, slabs or other forms. 

Strip and slab casting typical involves feeding mol- 
ten steel through a casting nozzle and then between 
rollers to give the desired strip/slab thickness. The mol- 
ten metal feed to the nozzle comes from a tundish which 
is fed from a delivery ladle. To maintain a constant cast- 
ing rate the level of molten material within the tundish is 
kept constant throughout the majority of the casting 
stage by balancing the pouring rate from the ladle into 
the tundish against the extraction rate from the tundish 
via the casting nozzle. 

As the ladle represents a batch delivery system to 
the tundish it must periodically be replaced by another 
full ladle. To ensure a sufficient level of material in the 
tundish during change over, the level can be increased 
slightly before hand. The tundish level depletes during 
change over until the level can be topped up once more 
by the replacement ladle. 

Unfortunately this process necessitates replace- 
ment ladles being available at regular and uninterrupted 
intervals as well as a consistent and fast ladle change 
method. This constant demand places a severe 
restraint on the melt shop and its efficiency. 

It is possible to reduce the casting rate to provide a 
delay in which a replacement ladle can be brought for- 
ward but this in turn causes problems. Reducing casting 
speed can have a significant effect on the strip quality, 
particularly for the thinner strip sizes, as this increases 
the amount of reduction of the strip between the rolls. 
Reduced casting speed can also lead to the metal in the 
unhealed ladle cooling to an extent where it freezes in a 
variety of locations including the nozzle and tundish 
control valves. 

In conventional slab casting plants the use of speed 
is more applicable as broader casting speed ranges are 
available for casting quality products. 

The present invention aims to provide greater ver- 
satility and control in the casting system. 

According to a first aspect of the present invention 
we provide a method of casting comprising feeding mol- 
ten material to a vessel from a source of molten mate- 
rial, the vessel feeding molten material to a casting 
location through an outlet passage, the volume of mol- 
ten material in the vessel being variable, the head of 
molten material over the outlet passage being substan- 
tially constant independent of the volume of molten 
material in the vessel. 

Preferably the vessel is a tundish. The tundish may 
be heated. The tundish may be heated by induction 
heating and/or plasma heating. Preferably the tundish 
has a capacity of between 20 and 120 tonnes. 

Preferably the ratio of maximum to minimum work- 
ing volume of the vessel is greater than 1 .5:1 and more 
preferably greater than 1 .75:1 or even greater than 2:1 . 



Preferably the vessel is provided with an enclosed 
head space above the inlet from the vessel to the outlet 
passage. The enclosed head space may be provided 
with a controlled or inert atmosphere. The surface of the 
5 material in the vessel may be provided with oxidation 
inhibitors, such as tundish powders. Preferably such 
materials are excluded from any enclosed head space. 

Preferably the source of molten material is a ladle. 
Preferably the ladle is used to transfer molten material 

10 from a melting location to the casting location. Prefera- 
bly the ladle is unheated. The ladle preferably has a 
capacity of between 10 and 100 tonnes of molten mate- 
rial. The material is preferably fed from the ladle to ves- 
sel under gravity. Control valves may be used to 

is regulate the flow. 

The flow rate of material from ladle to vessel is pref- 
erably at least 1.5 times greater than the casting flow 
rate, more preferably at least 3 times and may be as 
high as 5 times the rate. 

20 Preferably the molten material is a metal, including 
alloys. Most preferably the material is steel. 

Preferably the casting location comprises a casting 
nozzle. The casting nozzle may feed molten material 
direct to casting rollers. The casting nozzle may feed 

25 material to a pool in proximity to casting rollers. 

The casting location may be fed with material via a 
fixed or flexible link. The feed may be direct from the 
vessel or via intervening means. The feed is preferably 
affected by gravity. Control means, such as valves, may 

30 be provided to regulate the flow. 

Preferably the vessel can be adjusted to accommo- 
date varying volumes of material whilst maintaining a 
constant head. The variation in volume may be provided 
by varying the volume of material accommodated within 

35 the vessel away from the outlet. Preferably the variation 
is accommodated on a continuous basis during casting. 

The variation may be accommodated by altering 
the position of the vessel. The variation in the position- 
ing may occur through tilting the vessel or pivoting it. 

40 The pivoting or tilting may occur about one, preferably 
fixed, axis. 

Preferably the vessel has a volume portion adjacent 
to the outlet passage and a volume portion distal to the 
outlet passage. Preferably the volume accommodated 

45 in the vessel is increased by lowering the level of the 
distal portion relative to the level of the portion adjacent 
the outlet passage, preferably the volume is decreased 
by raising the level of the distal portion relative to the 
level of the portion adjacent to the outlet passage. 

so The tilt or pivot may occur about a fixed location. 
Preferably the fixed location is about the outlet passage. 
The fixed location may be at the outlet from the outlet 
passage into an intervening vessel. 

The adjustment of the vessel to maintain a constant 

55 head may be based on level measurements in the ves- 
sel and/or based on mass of material in the vessel. 

Preferably the head is maintained at a value related 
to the casting rate. In this way casting quality can be 
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maintained. 

The head is preferably measured in the vertical 
direction. The head measured may be measured in 
terms of the projected head based on the vertical sepa- 
ration of the molten material level in the vessel and the 
outlet level to which it is feed. A head of greater than 
300mm may be provided. Preferably the head is main- 
tained at a minimum without causing vortexing of the 
metal. The outlet level may be the casting location 
where material is fed direct from the vessel to that loca- 
tion. The outlet level may be the level in an intervening 
vessel between the vessel and casting location where 
the material is fed to such a vessel prior to feeding to the 
casting location. The intervening vessel may comprise a 
headbox. The exit of material from the headbox to the 
casting location may be controlled by a weir or dam. 

Preferably the method is used for casting strips, 
slabs, blooms and billets. Its use for casting strips of 
thickness less than 10mm is particularly preferred. Pref- 
erably the material is cast at a rate of between 5 and 
150 tonnes per hour and more preferably between 10 
and 100 tonnes per hour. 

According to a second aspect of the present inven- 
tion we provide casting apparatus comprising a source 
of molten material, a vessel to which the molten material 
is fed, the vessel feeding material to a casting location 
via an outlet passage, the vessel being adjustable to 
present a constant head of material independent of the 
volume of material accommodated within the vessel. 

Preferably the vessel is a tundish. Induction heating 
and/or plasma heating means may be provided for the 
tundish. 

Preferably the vessel is provided with an enclosed 
head space above the inlet from the vessel to the outlet 
passage. The enclosed head space may be defined by 
portions of the vessel which dip below the surface of the 
molten material in the vessel to separate enclosed and 
unenclosed portions. 

Preferably the source of molten material is a ladle. 
Preferably the ladle is unheated. The ladle may be pro- 
vided with control valves to regulate the flow of material 
from the ladle to the vessel. 

The casting location may comprise a casting noz- 
zle. The casting nozzle may be provided with a flexible 
link or fixed link from the vessel or from an intervening 
vessel fed from the vessel. The feeder material from the 
vessel to casting location may be regulated by control 
means as valves. 

Preferably the vessel is pivotally mounted. Prefera- 
bly the vessel is pivotally mounted about one, preferably 
fixed, axis. Preferably the pivot location is about the out- 
let passage, and most preferably about the outlet from 
the outlet passage into an intervening vessel. 

The apparatus may be provided with mass and/or 
level monitoring means for the vessel and/or for the 
intervening vessel. 

The intervening vessel may comprise a head box. 
The head box may be provided with weirs, dams or 



other flow regulating means. 

According to a third aspect of the invention we pro- 
vide a method of casting comprising feeding molten 
material to a vessel from a source of molten material, 

5 the vessel feeding molten material to a casting location, 
the molten material being fed to the casting location 
substantially continuously during casting, the molten 
material being fed to the vessel from the source for less 
than 90% of the time during casting. 

10 Preferably the molten material is fed from the 
source to the vessel for less than 75% of the time during 
casting, more preferably less than 50% of the time and 
still more preferably less than 33% of the time. 

Other details of the first and second aspect of the 

is invention may be based on features set out elsewhere in 
this application. 

Embodiments of the invention will now be 
described, by way of example only, and with reference 
to the accompanying Figures in which :- 

20 

Figure 1 illustrates a variety of casting nozzle con- 
figurations and positions; 

Figure 2 illustrates a prior art casting system; 

25 

Figure 3 illustrates an embodiment of the casting 
system of the present invention; 

Figure 4 illustrates a series of tundish configura- 
30 tions in various stages of a casting system's opera- 
tion according to the invention; and 

Figure 5 illustrates the variation in a variety of the 
parameters for a casting system according to the 
35 present invention against time. 

Steel strips and slabs are generally produced by 
feeding molten metal through a nozzle into a casting 
machine and then roiling the material in a series of 

40 stages to the desired thickness and width. The cast 
material sizes prior to rolling vary from 2 to 6mm thick- 
nesses and widths upto 2000mm for strips through thin 
slab (50 to 120mm thick, 700 to 2000mm wide), midi 
slab (1 20 to 1 85mm thick, 700 to 3200mm wide) to thick 

45 slab (185 to 300mm, 700 to 3200mm wide). 

As a consequence of the varying thickness of steel 
being cast the f taw rates between strip and slab casting 
vary significantly. A typical strip casting operation may 
employ flow rates of between 10 and 100 tonnes/hour. 

so A series of such nozzle 1 and casting roller 3 
arrangements are illustrated in Figure 1 a to 1d for a strip 
casting operation. As shown casting can occur at a vari- 
ety of orientations. Equally the casting can occur direct 
from the nozzle 1 to rollers 3, as in Figures 1a, 1b and 

55 1d, or via a localised pod 5 of molten metal in proximity , 
to the rollers 3, as in Figure 1c. 

In all casting systems it is imperative that an ade- 
quate supply of molten metal to the nozzle is provided 
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throughout casting and also to ensure that the casting 
temperature is accurately controlled. 

In a typical prior art casting system, Figure 2, mol- 
ten metal is delivered to the casting apparatus in 
unheated ladles 10. It is desirable to keep the ladle size 
as large as practically possible to minimise scrap 
losses. The ladle 10 is gradually emptied into tundish 12 
which in turn feeds the casting nozzle 14. Metal leaving 
the nozzle 14 passes between rollers 16 and onto sub- 
sequent rolling and processing. 

Throughout the substantial part of the casting proc- 
ess the flow of metal from ladle 10 to tundish 12 is bal- 
anced against an equal flow from the nozzle 14. The 
tundish level thus remains constant throughout the 
process, a constant mass of metal is present in the 
tundish 12. Variation in level only occurs during ladle 
change over. The prior art systems aim to minimise this 
variation by using fast ladle change mechanisms and 
possible reducing casting speed during the change. 
Variations at other times are minimised using level con- 
trol based on metal flow. 

It is important to maintain a substantially constant 
flow rate of metal to the nozzle and to maintain a depth 
of metal in the tundish above a certain threshold. If the 
depth decreases too far vortexing can occur drawing 
undesirable material into the metal, for instance tundish 
powders. A depth of around 400mm is typical for slab 
casting with lower depths for the lower flow rates of strip 
casting. The necessary depth increases with increasing 
flow rate. 

To maintain the depth during the majority of the 
process the flow is balanced by pouring from the ladle to 
the tundish. As the ladle approaches empty another is 
readied. The last part of the ladle volume can be emp- 
tied at a higher rate into the tundish to give a slight 
increase in level for a very limited portion of the cycle of 
the casting. The empty ladle is then withdrawn and 
replaced by another. This further ladle can then be emp- 
tied into the tundish in a similar manner to the first to ini- 
tially restore the tundish level and then to balance the 
flow from the nozzle. 

A constant supply of ladles in this way presents a 
severe constraint to the operation of the melt shop. 
Whilst in certain slab casting applications the casting 
speed can be reduced to reduce the rate at which mate- 
rial is drawn from the tundish and thus allow further time 
in which to obtain an additional ladle this process is 
prone to problems. Thicknesses below 50mm cannot 
successfully be achieved using such techniques and 
even above this size performance is impaired. Problems 
stem from the increased cooling which occurs with 
slower pouring. The ladle 1 0 is unheated and thus loses 
heat during use. The slower the pour, the greater the 
time to dispense its volume and hence the lower the 
temperature of the metal dispensed as the pour 
progresses. The variation in temperature causes prob- 
lems. Furthermore by the end of the pour the tempera- 
ture may have decreased to such an extent that the 



metal solidifies within the system. Freezing is particu- 
larly prone to occur in the tundish and nozzle control 
valves. 

The present invention provides a system with a syn- 

5 chronous metal feed. The molten metal is obtained and 
transferred to the system in the standard way using a 
ladle 20. The ladle 20 is discharged into a heated 
tundish 22. Plasma, induction and other heating sys- 
tems may be provided. The tundish 22 in turn feeds a 

10 headbox 24 and hence to the casting nozzle 26. Casting 
from the nozzle 26 through rollers 28 follows the general 
principals of the prior art. Unlike the prior art the tundish 
is fed from the ladle at a far higher rate than it dis- 
charges, in this case approximately 5 times. For signrfi- 

15 cant periods of the casting cycle therefore no metal is 
being fed to the tundish. 

Based around an example of a 40 tonne ladle of 
steel this is discharged into the 50 tonne capacity 
tundish at approximately 1 tonne/min until empty. At 

20 such a high discharge rate there is no risk of the metal 
cooling to an undesired degree. The risk of freezing in 
the ladle control valves is thus avoided. 

Once the tundish contains 1 5 tonnes it contains suf- 
ficient material to allow effective casting and material is 

25 fed to the nozzle at the rate of 0.2 tonne/min. 

Using this system the ladle is emptied long before 
casting has finished from the tundish. In this way the 
system allows a substantial time period in which 
another ladle can be readied. A new ladle is thus always 

30 available without having to vary casting speed and with- 
out having to risk casting problems. Feed form the new 
ladle to the tundish is generally initiated once the mini- 
mum tolerable level in the tundish is approached. 

The rate of feed to the casting nozzle is determined 

35 by the head in the headbox and as a consequence it is 
important to maintain it at the desired level throughout. 
The tundish is mounted in such a way that the melt level 
over the flow route from it to the headbox is kept con- 
stant whatever the volume of the tundish. This is 

40 achieved in this particular example by using a tilting 
tundish. This assists in minimising turbulence in the 
head box and allows the minimal volume possible to be 
provided in the headbox. 

Whilst the tundish can be tilted about any particular 

45 axis, the described embodiment is pivotally mounted at 
the delivery passage into the head box. 

As the tundish is initially filled therefore it is tilted 
down toward the right in Figure 4a. In this way the mini- 
mum head requirement 50 is achieved with a low vol- 

so ume of melt. Casting can be initiated once this level has 
been reached as vortexing is then avoided. 

As the mass of melt increases in the tundish as the 
ladle discharge progresses the tundish is tilted toward 
the horizontal. Figure 4b, an anticlockwise rotation. The 

55 volume of metal is thus increased, but the head 50 is 
maintained. 

The tundish reaches its maximum content value as 
the ladle finishes discharging, Figure 4c. In this state the 
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tundish is tilted down to the left such that the majority of Claims 
the melt is away form the passage to the head box. The 
head 50 is, however, maintained constant. -j. 

As the melt volume in the tundish decreases during 
further casting the tundish begins to tilt back to the right s 
once more, a clockwise rotation, through the position of 
Figure 4b to that of Figure 4a. By the time the Figure 4a 
position is reached another ladle is ready to be dis- 
charged into the tundish and the sequence can be 
repeated as desired. Tilting the tundish in this way is 10 
also instrumental in minimising scrap losses in the 
tundish. 2. 

The control of the tundish can be effected by the 
use of mass sensing and/or level sensing in the tundish 
or head box. is 

Whilst the use of a constant head feed from the 3. 
tundish to a headbox has been described in this exam- 
ple the constant head of the outlet from the tundish 
could feed direct to the casting nozzle, particularly 
where a pool is employed in conjunction with the rollers, 20 
Figure 1c. In this case a flexible tundish to nozzle con- 
nection would generally be employed. 

The tundish 22 is illustrated with an enclosed head 
portion 30 over the delivery outlet 32 to the casting noz- 
zle 26 to allow an inert atmosphere to be employed to 25 
protect the steel. Outside this area 30 the steel can be 4. 
treated with tundish powders to protect the steel from 
oxidation and to assist in the removal of inclusions. The 
separation of the areas reduced the risks of tundish 
powders being carried down and into the casting mate- 30 5. 
rial. 

The tundish can also be used in conjunction with a 
variety of existing techniques to promote inclusion float- 
ing, control mould powder layers and maintain steel 6. 
quality without effecting the applicability of the present 35 
invention. 

The overall variation of the parameters, tundish 
contents; ladle contents; when the ladle to tundish pas- 
sage is open; and when the tundish to casting passage 7. 
is open is illustrated in Figure 5 for a number of cycles of <o 
the systems operation. Thus initially the tundish is 
empty (0 tonnes), the ladle is full (40 tonnes) and both 
ladle to tundish and tundish to casting passages are 8. 
closed. 

The ladle to tundish passage is then opened and 45 
during the first passage of time the ladle volume 
decreases and the tundish volume increases. Once the 
tundish level reaches the desired level (10 tonnes) the 9. 
tundish to casting passage is opened and casting 
begins. Shortly after this the ladle completes its dis- so 
charge and the tundish is at its maximum value (32 
tonnes) for this first cycle. 

The tundish contents now decline as casting contin- 
ues but no new material is feed to the tundish. As the 
level approaches the minimum tolerable (10 tonnes) a ss 
fresh ladle is introduced and the tundish contents are 
replenished. This sequence is then repeated over and 
over. 



A method of casting comprising feeding molten 
material to a vessel from a source of molten mate- 
rial, the vessel feeding molten material to a casting 
location, the molten material being fed to the cast- 
ing location substantially continuously during cast- 
ing, the molten material being fed to the vessel from 
the source for less than 50% of the time during 
casting. 

A method according to claim 1 in which the molten 
material is fed from the source to the vessel for less 
than 33% of the time. 

A method of casting, preferably according to claim 
1, comprising feeding molten material to a vessel 
from a source of molten material, the vessel feeding 
molten material to a casting location through an 
outlet passage, the volume of molten material in the 
vessel being variable, the head of molten material 
over the outlet passage being substantially con- 
stant independent of the volume of molten material 
in the vessel. 

A method according to any of claims 1 to 3 in which 
the ratio of maximum to minimum working volume 
of the vessel is greater than 1 .5:1 . 

A method according to claim 4 in which the maxi- 
mum to minimum working volume of the vessel is 
greater than 2:1. 

A method according to any preceding claim in 
which the flow rate of material from ladle to vessel 
is at least 1.5 times greater than the casting flow 
rate. 

A method according to claim 6 in which the flow rate 
of material from ladle to vessel is at least 3 times 
greater than the casting flow rate. 

A method according to any preceding claim in 
which the vessel can be adjusted to accommodate 
varying volumes of material whilst maintaining a 
constant head. 

A method according to claim 8 in which the varia- 
tion is accommodated by altering the position of the 
vessel, the variation in the positioning occurs 
through tilting the vessel or pivoting it. 



10. A method according to any preceding claim in 
which the method is used for casting strips of thick- 
ness less than 10mm. 

11. Casting apparatus comprising a source of molten 
material, a vessel to which the molten material is 
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fed, the vessel feeding material to a casting location 
via an outlet passage, the vessel being adjustable 
to present a constant head of material independent 
of the volume of material accommodated within the 
vessel. 

12. Apparatus according to claim 1 1 in which the vessel 
is a tundish and heating means are provided for the 
tundish. 



10 



13. Apparatus according to claim 11 or claim 12 in 
which the vessel is provided with an enclosed head 
space above the inlet from the vessel to the outlet 
passage, the enclosed head space being provided 
with a controlled or inert atmosphere. is 

14. Apparatus according to any of claims 11 to 13 in 
which the casting location comprises a casting noz- 
zle and / or the source of molten material is a ladle. 

20 

15. Apparatus according to any of claims 11 to 14 in 
which the vessel is pivotal ly mounted. 

16. Apparatus according to any of claims 11 to 15 in 
which the apparatus is provided with mass and/or 25 
level monitoring means for the vessel and/or for an 
intervening vessel between the vessel and casting 
location. 

17. Apparatus according to claim 16 in which the inter- 30 
vening vessel comprises a head box. 
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